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SPECIFICATION 



1. Title of the Invention 



A Method for the Manufacture of Spherical Activated Carbon 



2. Claims 

(1) A method for the manufacture of spherical activated carbon, characterized in that a 
porous spherical organic polymer compound is rendered infusible and calcined, and the porous 
carbon that is obtained is activated, or said polymer compound is rendered infusible and is 
activated while being carbonized. 
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(2) A method as described in Claim 1, in which the porous spherical organic polymer 
compound is manufactured by means of a method in which a mixture of at least one unsaturated 
monomer and a monomer that contains several ethylenic unsaturated groups in an unconjugated 
relationship is subjected to suspension polymerization in an aqueous medium in the presence of a 
liquid precipitant that acts as a solvent for the mixture, is essentially insoluble in water, and does 
not cause swelling of the copolymer obtained by copolymerization. 

(3) A method as described in Claim 3, in which the monomer that contains several 
ethylenic unsaturated groups in an unconjugated relationship is divinyl benzene and in which the 
monoethylenic unsaturated monomer is selected from styrene and acrylonitrile. 

(4) A method as described in Claim 1, in which the infusibilizing treatment agent is 
sulfuric acid or anhydrous sulfuric acid. 

(5) A method as described in Claim 1, in which the activated carbon has a pore diameter 
of 50 to 10,000 A and a pore volumetric capacity of 0.3 cc/g or greater. 

3. Detailed Description of the Invention 

The present invention relates to a novel method for the manufacture of spherical activated 

carbon. 

The conventional method for making spherical carbon is one in which powdered carbon 
is mixed with a binder and is molded into a spherical shape. However, this method is 
disadvantageous in that the powder is difficult to handle during molding and that the spheres 
have an irregular morphology; i.e., it is difficult to obtain a perfectly spherical shape. There are 
further drawbacks in that it is extremely difficult to obtain fine spherical carbon with particle 
diameters of from several tens of microns to 1 mm, that the surface strength of the material as 
spherical carbon is low and that it tends to become finely powdered. Consequently, there is a 
desire for a variety of reasons to manufacture good-quality spherical carbon with good 
efficiency, something that cannot be achieved by conventional means. 
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Further, as a result of the rapidly advancing environmental pollution in recent years, it 
has been recognized that the use of activated carbon is extremely effective for the purposes of 
various treatments of industrial wastewater, purification of drinking water and desulfurization of 
flue gas, and there is a strong desire for technologies that would make it possible to achieve 
stable and satisfactory manufacture of activated carbon in large volume at low cost. However, in 
conventional methods for the manufacture of activated carbon, the principal raw materials are 
woody materials such as wood scraps and coconut husks, so that limitations of resources cannot 
be avoided. Most recently, manufacture of activated carbon using coal has been attempted. 
However, in this case as well, the raw materials are natural substances and there are great 
differences in their properties depending on their region of production, for which reason there is 
a major problem in the assurance of homogeneous, stable raw materials. Consequently, the 
development of new raw materials for the stable and satisfactory manufacture of activated 
carbon in large volumes at low cost is the first major problem in the manufacture of activated 
carbon at present. 

The second problem is the problem of activated carbon use. Molded activated carbon is 
ordinarily used by passing a gas or liquid through the activated carbon layer to bring the two into 
contact with each other. Consequently, ease of operation, stable passage of gases and liquids, 
and other operating aspects must be assured. The shape and strength of the activated carbon, 
and, in particular, the scale of production are major factors for this purpose. In terms of shape, 
spherical activated carbon is better than activated carbon of irregular shapes such as cylindrical 
activated carbon. This is because uniform contact is possible and there is little resistance to the 
passage of air and fluids. Fine fragments and fine powders are less likely to be produced during 
service than with other shapes. Consequently, various spheroidizing methods have been 
proposed. There is also a method in which, when powdered carbon materials that have been 
prepared in advance are mixed with binders, a spherical shape is made by such means as 
tumbling granulation, and the binder is then carbonized, after which the carbon is reactivated to 
make spherical activated carbon. In this method as well, production of fine powder cannot be 
avoided and there are many impediments such as scattering of fine particles during handling of 
the activated carbon, an increase of flow resistance due to the fine particles during passage of gas 
and fluids, and admixture of the fine powder into the gas or liquid after the activated carbon 
treatment. 
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The third problem is that adsorption capacity decreases in comparison with fine 
powdered activated carbon when the material is made into spherical carbon. Thus, there is a 
desire for the development of a method for manufacturing activated carbon of better adsorptive 
capacity. 

The inventors first discovered a method for the manufacture of stable porous carbon 
(Japanese Patent Application 50-107762 [1975] and Japanese Patent Application 50-107763 
[1975]). 

When this porous spherical carbon is subjected to activation treatment by standard 
methods, a stable, fine powder is not produced. Moreover, because of the presence of pores 
through which solution can slowly penetrate, a discovery was made that it was possible to 
manufacture activated carbon whose adsorption capacity would be better than that of the 
spherical activated carbon existing at that time. 

This invention is based on these findings and is a result of the discovery that spherical 
activated carbon of superior adsorption capacity can be manufactured by infusibilizing, calcining 
and activating porous organic polymer compounds. 

The porous spherical carbon in this invention is a substance in which pores whose pore 
range from 10, to 50,000 A are contained in an amount of 0. 1 cc/g or greater. 

The amount of pores with pore diameters of 50, to 10,000 A is preferably 0.3 cc/g or 
greater. When the pore diameter is less than this, penetration of solution to the interior is 
insufficient and adsorption capacity is decreased. When the pore diameter is greater than this, 
strength is decreased. Adsorption capacity is also decreased when the quantity of pores is less 
than that indicated above. 

The first method for manufacturing porous spherical organic polymers is one in which a 
polymer serves as a starting material Means for creating porosity include (1) foaming methods 
in which a foaming agent that is decomposed by heating and that produces a gas is introduced 
into the polymer and molding is performed, after which the foaming agent is decomposed by 
heating and a gas is produced, (2) elution methods as represented by a method in which a water- 
insoluble organic polymer and a water-soluble polymer are mixed, after which the mixture is 
molded, the molded product is immersed in water and a water-soluble polymer is extracted and 
(3) sol-gel transfer methods in which a solution of the polymer is brought into contact with a 
solution that is miscible with the solvent but cannot dissolve the polymer. Means for making this 
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solution into a sphere include (1) methods of drying in water in which the polymer is dissolved 
in a low-boiling solvent, this solution is suspended in water and the solvent is removed at a 
temperature between the boiling point of the solvent and the boiling point of water, (2) an orifice 
method in which a polymer solution is spheroidized using an orifice and is added in drops to a 
nonsolvent and (3) a melting-dispersion-cooling method in which spheres are made by adding a 
fine powder of polymer to a dispersing medium, raising the temperature to near the softening 
point of the polymer and stirring, with the polymer then being gradually cooled. 

A porous carbon precursor can be obtained by combining a method for creating porosity 
with a method for making spheres. As an example, there is a method in which a spherical porous 
body can be obtained by a process in which the polymer and a foaming agent are dissolved in 
chloroform and suspended in water, after which the chloroform is removed by drying in solution 
and the spheres that are obtained are foamed at a high temperature, or a method in which a 
water-insoluble polymer is dissolved in a solvent that is miscible with water, such as formamide 
or dimethyl sulfoxide, and the product is added in drops to water by the orifice technique, 
whereupon a sol-gel transfer occurs in the water and a spherical porous body is obtained. There 
is also a method in which a water-insoluble polymer and water-soluble polymer are blended, the 
blend is made into a fine powder, the powder is then spheroidized by causing the material to 
undergo melting, dispersing and cooling in silicone oil, and the water-soluble polymer in the 
water is removed. 

The polymers that can be used include, for example, polymers that are obtained from 
monomers having vinyl groups comprised; namely, polymer comprised of alkyl vinyl 
compounds, such as polyethylene and polypropylene; polymers comprised of aryl vinyl 
compounds, such as polystyrene and polyvinyl naphthalene; polymers comprised of vinyl ethers, 
such as polyethyl vinyl ether and polyisobutyl vinyl ether; polymers comprised of vinyl halide 
compounds, such as such as polyvinyl chloride; polymers comprised of vinyl ester compounds, 
such as polyvinyl acetate; polymers comprised of alkyl vinyl esters, such as polymethyl acrylate; 
and polymers comprised of vinyl nitriles such as polyacrylonitrile, which polymers are 
represented by the general formula 
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[wherein, R| is hydrogen, a hydrocarbon group, a substituted hydrocarbon group, a 
hydrocarbonoxy group, a substituted hydrocarbonoxy group, a halogen, a cyano group, an 
hydroxy! group, -OCOR2 or -COOR2 (R2 ! being hydrogen, a hydrocarbon group or a substituted 
hydrocarbon group) and n is an integer that represents the degree of polymerization]; polymers 
obtained from monomers having vinylidene groups; namely, polymers comprised of alkyl or aryl 
vinylidene compounds, such as polyisobutylene and a-methylstyrene; polymers comprised of 
vinylidene halide compounds, such as polyvinylidene chloride; polymers comprised of oc-alkyl 
acrylic acid esters, such as polymethyl methacrylate and polyethyl methacrylate; and polymers 
comprised of cyanovinylidene, such as polycyanovinylidene, which polymers are represented by 
the general formula 



[wherein, Rj and R2 are hydrocarbon groups, substituted hydrocarbon groups, hydrocarbonoxy 
groups, substituted hydrocarbonoxy groups, halogens, cyano groups, -OCOR3 or -COOR3 (R3 
being hydrogen, a hydrocarbon group or a substituted hydrocarbon group) and n is an integer that 
represents the degree of polymerization]; polymers comprised of monomers having conjugated 



[wherein, R\ is hydrogen, a hydrocarbon group, a substituted hydrocarbon group, a 
hydrocarbonoxy group, a substituted hydrocarbonoxy group, a halogen, a cyano group, -OCORi 
or -COORi (Ri being hydrogen, a hydrocarbon group or a substituted hydrocarbon group) and n 
is an integer that represents the degree of polymerization]; copolymers comprised of the 
monomers of polymers represented by general formula (I) or general formula (II), such as 
ethylene-propylene copolymers, ethylene-propylene-dichloropentadiene ternary copolymers, 
ethylene-propylene-ethylidene norbornene ternary copolymers, styrene-acrylonitrile copolymers, 

1 Translator's note: There is no "R2" in the formula. 




(I ) 



double bonds, such as polybutadiene, polyisoprene and polychloroprene (neoprene), which 
polymers are represented by the general formula 
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styrene-acrylonitrile-butadiene ternary copolymers, ethylene-vinyl acetate copolymers, styrene- 
butadiene copolymers (including SBR and impact-resistant polystyrene), butadiene-acrylonitrile 
copolymers, ethylene-isobutylene-butadiene ternary copolymers, ethylene terephthaiate-p- 
chloroethyl vinyl ether copolymers, butyl acrylate-acrylonitrile copolymers, ethylene trifluoride- 
vinylidene fluoride copolymers, vinylidene fluoride-hexafluoropropylene copolymers, vinyl 
chloride -ethylene copolymers, vinyl chloride-propylene copolymers, normal butadiene-isobutene 
copolymers, isobutylene-isoprene copolymers, acrylonitrile-methyl acrylate copolymers, 
acrylonitrile-vinyl acetate copolymers, acrylonitrile-methyl methacrylate copolymers, 
acrylonitrile-acrylic acid copolymers, acrylonitrile-methacrylic acid copolymers, acrylonitrile- 
vinyl chloride copolymers, acrylonitrile-vinylidene chloride copolymers and vinyl chloride- 
vinylidene chloride copolymers or graft copolymers thereof; polyesters such as polyethylene 
terephthalate, polyethylene isophthalate, polyethylene fumarate, polypropylene maleate and poly 
p-phenylene oxybenzoate; polyamides such as polycaproamide (nylon 6) and polyhexamethylene 
dipolyamide (nylon 66); poly alky lene ethers and poly-substituted alkylene ethers such as 
polyoxymethylene, polyethylene oxide and polybischloromethyl oxyethane; polyphenylene 
oxides such as poly-2,6-dimethyl-l,4-phenylene oxide and poly-2,6-diphenyl-l,4-phenylene 
oxide; and polymers in which bisphenol A is the monomer, such as bisphenol A-epichlorohydrin 
polymers, bisphenol A-phosgene polymers and bisphenol A-4,4'-diphenylsulfone polymers, as 
well as polyphenylene, polyxylylene, polybenzimidazole, polybenzimidazoimide, polyimidazo- 
pyrrolone, polypyromellitimide, polybenzothiazole, polythiazole, polyquinazolone, 
polyquinoxaline, polybenzoxazole and polyoxadiazole. In addition, pitches obtained by 
petroleum refining and dry distillation of coal can also be used. 

These polymers can be used individually or two or more of them can be used at the same 
time. In addition, these polymers can be used mixed with other suitable organic substances in 
any desired composition. 

Of these, polymers or copolymers in which the principal component is one or more of 
styrene, di vinyl benzene, acrylonitrile and 2,6-dimethyl-l,4-phenylene oxide are desirable. 

The second method of making porous, spherical organic polymers is one in which a 
monomer is used as a starting material and in which the spherical shape is made using 
suspension polymerization technology. Methods for obtaining porous bodies include (1) a 
method in which a monomer and a substance that is soluble in a nonsolvent of the monomer's 
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polymer are placed together and suspension polymerization is performed, with the other 
substances that are present being removed during polymerization, and (2) a method in which 
suspension polymerization is performed in the presence of a solvent (precipitant) that is soluble 
in the monomer but does not cause the polymer to swell. Method (2) is described in the 
specification of Japanese Patent Application 50-107763 [1975]. 

The monomers that can be used in this case are divinyl benzene, divinyl pyridine, divinyl 
toluene, divinyl naphthalene, diallyl phthalate, ethylene glycol diacrylate, ethylene glycol 
dimethacrylate, divinyl xylene, divinyl ethyl benzene, divinyl sulfone, glycol, glycerol, 
pentaerythritol, monothio or dithio derivatives of glycol, polyvinyl or polyallyl ethers of 
resorcin, divinyl ketone, divinyl sulfide, allyl acrylate, diallyl maleate, diallyl fumarate, diallyl 
succinate, diallyl carbonate, diallyl malonate, diallyl oxalate, diallyl adipate, diallyl sebacate, 
divinyl sebacate, diallyl tartrate, diallyl silicate, triallyl tri-l-naphthyl methylcarbamate, triallyl 
aconitate, triallyl citrate, triallyl phosphate, N,N'-methylene diacrylamide, N,N'-methylene 
dimethacrylamide, N,N'-ethylene diacrylamide, l,2-di(a-methyl methylene sulfonamido)- 
ethylene, trivinyl benzene, trivinyl naphthalene and polyvinyl anthracene. 

Monoethylene unsaturated monomers include methyl acrylate, ethyl acrylate, propyl 
acrylate, isopropyl acrylate, butyl acrylate, tert-butyl acrylate, ethylhexyl acrylate, cyclohexyl 
acrylate, isobornyl acrylate, benzyl acrylate, phenyl acrylate, alkyl phenyl acrylate, ethoxymethyl 
acrylate, ethoxyethyl acrylate, ethoxypropyl acrylate, propoxymethyl acrylate, propoxyethyl 
acrylate, propoxypropyl acrylate, ethoxyphenyl acrylate, ethoxybenzyl acrylate, ethoxycyclo- 
hexyl acrylate, corresponding esters of methacrylic acid, styrene, vinyl toluene, vinyl 
naphthalene, acrylonitrile and similar unsaturated monomers. 

It is also possible to use monovinylidene compounds having nitrogen heterocyclic ring 
compounds, such as vinyl pyridine, 2-methyl-5-vinyl pyridine, 2-ethyl-5-vinyl pyridine, 
3-methyl-5-vinyl pyridine, 2,3-dimethyl-5-vinyI pyridine, 2-methyl-3-ethyl-5-vinyl pyridine, 
2-methyl-5-vinyl quinoline, 4-methyl-4-vinyl quinoline, 1 -methyl or 3-methyl-5-vinyl 
isoquinoline arid vinyl pyrrolidone. It is further possible to use mixtures of the aforementioned 
monomers with monovinylene compounds, such as dialkyl maleates, dialkyl fumarates, dialkyl 
crotonates, dialkyl itaconates and dialkyl gluconates. 

Method (2) is a method that is suited to the objectives of this invention. A specific 
example of this method is one in which a mixture of styrene, acrylonitrile or another 
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monoethylenic unsaturated monomer with divinyl benzene, trivinyl benzene or another ethylenic 
unsaturated monomer that has several ethylenic unsaturated groups in an unconjugated 
relationship is subjected to suspension copolymerization in an aqueous medium in the presence 
of n-butanol, heptane or another precipitant that acts as a solvent for the mixture, is essentially a 
water-insoluble liquid and does not cause swelling in the copolymer obtained by 
copolymerization. 

The porous spherical organic polymer that has been obtained by this method is subjected 
to an infusibilizing treatment by such methods as sulfonation and nitration, and porous spherical 
carbon is obtained by calcination at a temperature of 500°C, and, preferably 800°C to 3000°C. 

The porous spherical carbon that has been obtained in this way can be converted to 
activated carbon by a known method, for example, by activation at a temperature of 800 to 
1200°C in accordance with the water vapor method. 

The material obtained by subjecting the porous spherical organic polymer compound to 
an infusibilizing treatment is gradually carbonized by heating the system in a water vapor 
atmosphere. The temperature increase is stopped when the temperature reaches 800 to 1200°C, 
and activation can be performed while this temperature is maintained and carbonization is being 
performed. 

The spherical, porous carbon that has been obtained in this way is superior to fine 
powdered activated carbon in adsorption capacity in solutions, is perfectly spherical, has high 
strength and does not generate fine powder. 

The activated carbon that is obtained in this invention as described above exhibits little 
power forming properties, is of high strength and is superior as a water treatment agent, catalyst 
or catalyst carrier. 

Working Example 1 

5.0 g of polyvinyl alcohol, 6.7 g of carboxymethyl cellulose and 56 g of NaCl were 
dissolved in 1.5 liters of distilled water, a mixture of 200 g of styrene, 145.5 g of divinyl benzene 
(55% of the commercial product) and 1.5 g of benzoyl peroxide was added and the materials 
were reacted for 6 hours at 85°C under stirring. The bulk density of the copolymer that was 
obtained was 0.39. The copolymer thus obtained (40 g) was subjected to a sulfonation reaction 
for 6 hours at 1 10°C in 500 g of 15% fuming sulfuric acid. Next, calcination was performed in 
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N 2 at a temperature elevation rate of 300°C/hour up to 1000°C. The bulk density was 0.55. The 
average pore diameter was 200 A, and the material contained fine pores of 50 A or greater in an 
amount of 0.6 g/cc. 

The porous spherical carbon was activated for 2 hours at 800°C in a water vapor 
atmosphere. Spherical activated carbon with a surface area of 1 100 m 2 /g was obtained. 

Fig. 1 shows the methylene blue adsorption curves of commercial spherical carbon and 
commercial powdered activated carbon by comparison to that of the spherical activated carbon in 
question. 

As should be evident from the results, the spherical activated carbon obtained in this 
invention is superior in adsorption capacity to powdered activated carbon. 

4. Brief Description of the Drawings 

Fig. 1 shows the methylene blue adsorption curves of activated carbon based on this 
invention and of commercial activated carbon pertaining to a comparison example. 

1 shows the product of this invention, 2 shows commercial powdered activated carbon 
and 3 shows commercial granular activated carbon. 
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